$65 years (older cohort; n 5 446) compared with a cohort of younger NHL patients aged 55-64 years (n 5 1183). We identified 1629 NHL patients undergoing a first reduced-intensity conditioning (RIC) or nonmyeloablative conditioning allo-HCT from 2008 to 2015 in the United States. Cord blood or haploidentical transplants were excluded. The median age was 68 years (range 65-77) for the older cohort vs 60 years (range 55-64) in the younger cohort.
• There was no difference in overall survival after allogeneic transplant between patients aged 55-64 years and patients $65 years.
• Age alone should not be a determinant for allogeneic transplant eligibility among older non-Hodgkin lymphoma patients. 
Introduction
Allogeneic hematopoietic cell transplantation (allo-HCT) is a potentially curative option for patients with advanced high-risk hematological malignancies. Despite its established effectiveness, wider application of this procedure has been historically limited to younger patients with few medical comorbidities. However, in the last 2 decades, the advent and adoption of reduced-intensity conditioning (RIC) or nonmyeloablative (NMA) regimens has led to an increase in the number of allo-HCT procedures performed in the United States, including increased utilization of this modality for older patients or those with limiting medical comorbidities. 1, 2 The feasibility of allo-HCT with lower-intensity regimens is well established in select older (age $65 years) patients. In a large retrospective analysis of 372 patients aged 60-75 years (age $65 years, n 5 134) with various hematological malignancies undergoing NMA allo-HCT, survival was not impacted by increasing patient age, but rather by the presence of medical comorbidities, underscoring the importance of assessing physiological age over an arbitrary chronological age cutoff when determining allo-HCT eligibility. 2 
Methods

Data sources
Data for this study were acquired from the CIBMTR registry (see supplemental Section 1 for details).
Patients
Included in this analysis are adult ($55 years) patients with mature B-, T-, or NK-cell NHL who underwent a first RIC or NMA conditioning allo-HCT from matched related donors (MRDs), matched unrelated donors (MUDs), or mismatched unrelated donors (mmURDs) from 2008 to 2015. Bone marrow and peripheral blood grafts were included. Patients receiving haploidentical or cord blood transplants were excluded. The analysis was limited to US transplant centers for generating data in a patient population relevant to CMS coverage area.
Definition and study end points
The intensity of conditioning regimens was defined using consensus criteria. 14 Response to last line of therapy before allo-HCT on CIBMTR forms is defined using established criteria. 15 The primary end point was overall survival (OS); death from any cause was considered an event, and surviving patients were censored at last contact. Nonrelapse mortality (NRM) was defined as death without evidence of lymphoma progression/relapse; relapse was considered a competing risk. Progression/relapse was defined as progressive lymphoma after hematopoietic cell transplantation (HCT) or lymphoma recurrence after a complete remission; NRM was considered a competing event. For progression-free survival (PFS), a patient was considered a treatment failure at the time of progression/ relapse or death from any cause. Patients alive without evidence of disease relapse or progression were censored at last follow-up. Acute graft-versus-host disease (GVHD) 16 and chronic GVHD 17 were graded using standard criteria.
Statistical analysis
Clinical outcomes of the cohort aged $65 years were compared against the cohort aged 55-64 years. Adjusted probabilities of PFS and OS were calculated as described previously. 18 Adjusted cumulative incidence of NRM and lymphoma progression/relapse was calculated to accommodate for competing risks. 19 Unadjusted cumulative incidence of acute/chronic GVHD was calculated. Associations among patient-, disease-, and transplantation-related variables and outcomes of interest were evaluated using Cox proportional hazards regression. A stepwise model-building approach was used to identify covariates that influenced outcomes.
Covariates with a P , .05 were considered statistically significant. The proportional hazards assumption for Cox regression was tested by adding a time-dependent covariate for each risk factor and each outcome. Covariates that violated the proportional hazards assumption were added as time-dependent covariates, where the best cutoff for each time-dependent covariate was determined using the maximum likelihood method. Interactions between the main effect and significant covariates were examined (in particular disease histology, GVHD prophylaxis regimen, and remission status at HCT); none were found. Results are expressed as relative risks (RRs). The variables considered in multivariate analysis are shown in supplemental Table 1 . All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Baseline characteristics
Using the CIBMTR database, we identified 1629 NHL patients ($65 years, n 5 446; 55-64 years, n 5 1183) undergoing a first RIC or NMA conditioning allo-HCT from 2008 to 2015 in the United States ( Figure 1 ). The baseline patient-, disease-, and transplantation-related characteristics are detailed in Table 1 . The median patient age was 68 years (range 65-77 years) for the older cohort vs 60 years (range 55-64 years) for the younger cohort. There were no significant differences between the 2 cohorts in terms of patient gender, race, Karnofsky performance score (KPS), HCT comorbidity index (HCT-CI), disease status prior to transplant, time from diagnosis to transplant, GVHD prophylaxis used, in vivo T-cell depletion, or type of conditioning regimen(s) used. A higher proportion of patients had undergone a prior autologous HCT in the younger cohort compared with the older cohort (38% vs 31%, P 5 .01). Significantly more patients in the younger cohort underwent an MRD allo-HCT (46% vs 35%, P , .001). The median follow-up of survivors was 48 months (range 6-98) and 48 months (range 4-101) in the older and younger cohorts, respectively.
Acute and chronic GVHD
The cumulative incidence of grades II-IV acute GVHD at day 180 post-allo-HCT was 38% (95% confidence interval [CI], 35-41) in the younger cohort vs 35% (95% CI, 31-40) in the older cohort (P 5 .39) ( Table 2 ). The cumulative incidence of grades III-IV acute GVHD at day 180 post-allo-HCT was 15% (95% CI, 13-17) vs 17% (95% CI, 14-21), respectively (P 5 .21). The cumulative incidence of chronic GVHD at 2 years posttransplant in patients aged 55-64 years was 48% (95% CI, 45-51) compared with 45% (95% CI, 40-49) in patients aged $65 years (P 5 .25) ( Table 2 ).
NRM and relapse
The adjusted cumulative incidence of NRM at day 100 was 7% in both groups (P 5 .69) ( (95% CI, 37-47) in the older group and was not significantly different (P 5 .82) ( Table 2) . Using multivariate analysis, compared with the younger cohort, patient age $65 years was not associated with a significantly increased risk for disease progression/relapse (RR, 1.02; 95% CI, 0.86-1.22; P 5 .80; Table 3 ; Figure 2B ). Other independent variables associated with risk for disease progression/ relapse are provided in supplemental Table 2 .
PFS and OS
The adjusted 4-year PFS for the younger group was 37% (95% CI, 34-40) vs 31% (95% CI, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] in the older group (P 5 .03) ( Table 2 ; Figure 3A ). Using multivariate analysis, compared with the younger cohort, patient age $65 years was not associated with a significantly inferior PFS (RR, 1.11; 95% CI, 0.97-1.27; P 5 .14).
Other independent variables associated with the risk for therapy failure (inverse of PFS) are provided in supplemental Table 2 . The adjusted 4-year OS for the younger cohort (51%; 95% CI, 48-54) was not significantly different from the older cohort (46%; 95% CI, 41-51; P 5 .07; Table 2 ; Figure 3B ). Using multivariate analysis, compared with the younger cohort, patient age $65 years was not associated with a significantly increased risk for mortality (RR, 1.14; 95% CI, 0.97-1.33; P 5 .10) ( Table 2 ).
Subgroup analysis of patients ‡70 years
We performed a subset analysis to evaluate outcomes of patients who were $70 years old at the time of allo-HCT (n 5 73). Among this patient population, the cumulative incidence of NRM at 1 year was 22% (95% CI, 13-32), whereas the cumulative incidence of progression/relapse at 4 years was 43% (95% CI, 32-54). 
Cause of death
At last follow-up, there have been 550 (46%) deaths in the 55-64-year cohort and 232 (52%) deaths in the $65-year cohort. The most common cause of death in both groups was relapse of the primary disease (n 5 212 and n 5 79, respectively) (supplemental Table 3 ). The next most common cause of death in the 55-64-year cohort was GVHD (n 5 86), followed by infection (n 5 39). In contrast, infection was the second most common cause of death in the $65-year group (n 5 39), followed by GVHD (n 5 32).
Discussion
There is growing awareness that age, by itself, is an insufficient and often inaccurate determinant of medical fitness for any specific treatment. In this study, we report allo-HCT outcomes for a large cohort of (potentially) Medicare-eligible patients aged $65 years relative to a younger, generally Medicare-noneligible group. Currently, coverage for allo-HCT in NHL in the United States is limited to only those states that are in the National Government Services (NGS) jurisdiction. NGS is a Medicare Administrative Contractor that makes claims on behalf of CMS. It is plausible that a small subset included in our study could have undergone HCT using non-Medicare payers (eg, private insurance, self-pay). However, because NHL is not a covered CMS indication for allo-HCT, and the majority of states are not under NGS jurisdiction, there is significant disparity in the access to allo-HCT in NHL in the United States.
Through this registry analysis we found no significant difference in OS between the 2 cohorts, with 46% of patients aged $65 years still alive at 4 years posttransplantation. Secondly, although there was a modest, but statistically significant, risk for increased NRM in the older cohort, this finding did not translate into significant differences in PFS or OS in multivariate analysis. Additionally, NRM was identical at 100 days posttransplant, and it was only beyond 1 year posttransplant that the increase in NRM becomes appreciable. Because the patients in the older cohort were, on average, almost a decade older, the difference in NRM at 4 years may be partially attributed to expected age-related mortality. Lastly, there was no difference in acute or chronic GVHD, and relapse rates were similar between the 2 groups, suggesting that the efficacy of transplantation (and possibly graft-versus-lymphoma effect) is comparable, despite differences in age.
We acknowledge that allo-HCT is not the only therapeutic option available to older patients with relapsed/refractory or high-risk NHL. The intent of our analysis is not to prove superiority of allo-HCT in older NHL patients relative to other available tools (eg, novel agents, autologous HCT, gene-modified T-cell therapies). Rather, we aim to demonstrate that, in any given NHL patient $65 years old, if after consideration of multiple variables the treating physician has decided that allo-HCT is the next best therapy, an arbitrary age cutoff and lack of third-party (eg, CMS) reimbursement should not remain a barrier against transplantation. Our study utilizing a large contemporary dataset suggests that survival outcomes of such Medicare-age eligible patients are not dramatically inferior to a decade-younger patient cohort undergoing similar allo-HCT procedures.
Although other series have also evaluated the efficacy and toxicity of allo-HCT in older adults, the number of patients has been much smaller, and ours is the first to focus singularly on allo-HCT outcomes of NHL patients aged $65 years. In a prior CIBMTR analysis of NHL patients aged $40 years who underwent allo-HCT between 2001 and 2007, the 3-year OS ranged from 39% to 54%, stratified by age. 11 However, among the 1248 NHL patients included in that CIBMTR analysis, only 82 patients were 65 years or older. Recently, CIBMTR reported outcomes of patients aged $70 years undergoing allo-HCT for various hematologic malignancies between 2000 and 2013 and showed improving patient outcomes in more recent years (2008) (2009) (2010) (2011) (2012) (2013) . The 2-year OS of the study population transplanted from 2008 to 2013 was 39%, but outcomes of NHL patients (;10% of study population) were not reported separately. Among 73 NHL patients aged $70 years in our report who underwent allo-HCT, the 4-year OS was 44%, which is encouraging considering the aforementioned data. With the development of effective in vivo and ex vivo T-cell depletion approaches (eg, posttransplant cyclophosphamide or TCR-a/b and CD19 depletion), the utilization of adult alternative donors is rapidly increasing. 20 The CIBMTR 12, 21 and the European Society for Blood and Marrow Transplantation 22, 23 have recently reported that outcomes of lymphoma patients undergoing haploidentical transplantation are comparable to MRD and MUD allo-HCT. A report from Johns Hopkins University suggests the feasibility of NMA haploidentical transplantation in older adults (50-75 years, median age 61 years) with hematological malignancies. 24 An ongoing CIBMTR study evaluating the role of haploidentical HCT in older patients will further elucidate its role.
It is important to acknowledge that allo-HCT is applicable only to the subset of healthy older individuals with few or no serious medical comorbidities. The importance of appropriate patient selection for allo-HCT cannot be overemphasized. To help with decision making in an older population, objective tools, such as HCT-CI, 25 can be useful in making determinations for allo-HCT candidacy. Our study found, similar to other reports, 26 that an HCT-CT $ 3 negatively impacts OS and PFS. Furthermore, there are evolving data suggesting that comprehensive performance assessment tools may have value when evaluating an older patient for allo-HCT. Muffly et al demonstrated that a comprehensive geriatric assessment has independent prognostic utility in evaluating older patient candidacy for allo-HCT. 27 The effectiveness of such tools will be validated in an upcoming Blood and Marrow Transplantation Clinical Trials Network study that intends to incorporate geriatric assessments as part of the prospective clinical trial. Lastly, disease subtype may play a role in decision making for allo-HCT in NHL. Although we included multiple histologies, our multivariate analysis found that patients with nonindolent subtypes (eg, diffuse large B-cell lymphoma, mantle cell lymphoma, or NK/T cell lymphoma) had a higher risk for relapse and worse PFS and OS (supplemental Table 2 ).
There are several limitations to this analysis. As a registry study, our analysis is limited to the information available in the database. Although we aimed to adjust for possible confounders with our multivariate analysis, unmeasured variables could influence our findings. Although the benefit of allo-HCT in elderly NHL patients (relative to other treatment options) can only be established via prospective randomized studies, these are logistically challenging and unlikely to be performed. Another limitation is the inherent bias in only evaluating transplanted patients. Patients who are eligible to undergo allo-HCT represent a select population that is healthy enough with responding disease to be candidates for transplant; as a result, our findings are not applicable to all elderly patients with NHL. Because we did not include cord or haploidentical donors, our results are not applicable to those groups. Lastly, there were differences in the use of autologous transplant prior to allo-HCT between the 2 groups. Although it is difficult to elucidate the etiology of this difference in a registry study, we speculate that this may be due to poorer mobilization in older adults and/or center practices to avoid high-dose chemotherapy in patients aged $65 years.
In conclusion, for NHL patients who are eligible for allo-HCT, there was no difference in OS for patients aged 55-64 years compared with patients aged $65 years. These data strongly support that age alone should not be a determinant for allo-HCT eligibility in NHL. The role and relative benefit of allo-HCT in NHL will undoubtedly evolve in the coming years with the advent of new cellular and targeted therapies; however, for now, allo-HCT represents an opportunity for cure in patients without other options and should be available to all suitable candidates regardless of age and insurance coverage. We hope that the data from this study will provide the direct evidence needed to justify modification of the current Medicare national coverage determination to allow for allo-HCT in NHL.
